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Com uter oriented systems have created the need for a cioser 


interaction between ten and computers. inis thesis is an evalua- 
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PiCiEO MAC mt NcmEeowlutene toys Len CesSten ot one Such System, lhe 


main portion of the design is that of the operator' 


S disolay und 


control console for this system. Included a3; a portion of the 
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iL. wan-machine Comuunications in a ‘isital System 

The present use of computers in most applicatiuns can be 
classified as one of two categories: 

a.» Off-line operations in which a preformulated problem and 
precoded groups of data are fed to the computer along with the pro- 
grams for processing the information. The computation then croceeds 
according to the preplanned program, if all data and prozrams are 
COREeCC tc. Upon completion of a successful program, the desired re- 
sults are then dumped from the computer memory to an outout media 
for printing and evaluation at some later time. The extension of 
this technique has led to the "closed shop" coiputing center with 
tneir various "auto-monitor" programs in which the individual who 
wants the problem solved never sees the computer. Tiis technique 
was prompted by the expense of larse digital computers. The major 
drawback to such a scaeme is that in writing new proyrams or trying 
to foriaulate new techniques for solving problems, there is a so0c0d 
ChancceTOrsecrrorsmwhichmas li you allow the profrin, to run to com- 
pletion and may not give any indication of the reasons for sto pave. 
The cost of off-line formulation and "de-bugsging" may be consider- 
able in sovwe circumstances. 

6b. On-line operations in which the operator is worin,; in 
real time with the computer on a real tiie physicul proklem. Jhis 
type of operation traditionally employs Srograms which are neces- 
Sarily complex to take every possible situation into consideration. 
The role of the man in this system has been to make sinple ‘yes-no'" 


or similar decisions and to provide a reins of accomplishing tasks 


Waich pre not automated or ororpraiy ed PHetwer by reason of Wiffi- 
CUMEVMOGENot OVCr Sle nt teaiitems Of On-line Gperatiom are the 
Military systems (1.¢., SeGon, RTDS, etc.) Sud imfustrial process 
COUPES UNC COSUECIEDUGIN = Valemm ace are ao tae COmubcr as 
usually in full time use by the system due to the special pur_ose 
nature of the equipments. 

There has been a recent trend to explore the poSsibilities of 
utilizing the best points of both tecnniques in systems Linking 
man and computer more closely /l, 2/. In order to accomplish this, 
the basic class of operation inust Eend toward on-line operation, 
By having a closer link with the computer, the operator can make 
decisions at various poirts in the process based on real tinue feed- 
backs; examine chanses in results due to varying in outs or para- 
meters in real time; program and check blocks of codings easiiy 
before integration into a tore complex program; and cal. up and 
inspect large blocks of information randomly fro a lirge ssenory. 

In order to accompiish this interaction between .an ana com- 
puter wnile keevings the overall system flexible aud relatively 
inexpensive, certain requirements must be set: (a) a uethod of 
time sharing of the central computer must ve inple:ented netuer 
by programing or hardware techniques. (b,; Display ind control 
equipments must be deSigned to allow the operator to efrectively 
communicate complex ideas to the computer and to allow the com- 
puter (through proper program..ing) to aaie requests on or uisplay 
data to the operator. Che first requirement is dictated by the 


desire to perform on-line and off-line conputations interiaced in 


time, while the secund is essential to any closely coordinated man- 
computer system. wvhe specifications of tis.e shuring systems have 
beeu developed in recent literature /28, 29. It is tie purpose of 
this thesis to develop design criteria and to carry out the design 
of a display and control console which can be applied to many 
different type problems. 

In a computer oriented system the flow of information is us 
Slain ake Molec ile 

The wan-computer interface consists of two uni-ue parts. here 
must be a provision for the operator to communicate his desires to 
the computer, and the computer should have the provision to display 
results or ask for further instructions. Specific techniyues for 
accomplishing these functions will oe discussed in Chapter ae 

In order to intellicsently use any or all of the possible infor- 
ation available in a complex system, the display must ve abie to 
select various portions of inforiation readily and easily. This 
Ireans that the display console itself snoula be a coniplex buffer 
and should be able to control the computer's mewory and proprcams. 
The main control prowrams in the central computer should be tailoi- 
ed to the display wnich in turn should ve tailored to the husan re- 
quirements for ease of operation along with flexibility. 

Display updating may be done on any of the following criteria: 

a Upon receipt of new data by the comouter 

db. Upon a real time interval 
¢. Upon request from the display console 


rriority considérations in the case of radar or automatic inputs 


WW 


eo , | 
Sensor | a itfector 
subsystem SS Eee ot 6 a oucs;ystem 
A | A 


= be I.onitored 


or Controlled 


ufifector 
subsystem 


ae B 


sensor 
Subsystem 


5 


Communications 


A en RF 


Subsystem 


Input 


Central Control Computer 


Subsysteu. 


V/ 
Display 


Intervention 


Subsystem Subsystem 


Human Operator 


Figure 1-1 
Plow of Information in a Man-Comeuter System 


versus Velual inguts shoule male be giver dulvoiucration in the de- 
Pci orm even Squiwment. acre should e @ methot for overridim@s 
Pivepbcoe hee rel DiTlomlny Sequence Vwithemt changing the whole se- 
gaenice’. 

Tre amount of information on a ,iven Gisplay must oe selectable 
by tree human operator. If there 15 too much information vr unwant- 
ed information mixed with the desired information, he must ce able 
VOMrevove SOME portions of thre overall display or be able to expand 
a part of the display on a secondary display. te should also nave 
CominTOlmOver SeCuceGuiycmpOmt Ons Of the Casplay in order to yiew 
tabular or other iniorration at the same tine a graprical Jisplay 
is being, vroduced, 

I SOPaunecSeenachoOrom=nOuld He wonsaderéd ail tite desi@®T of 4 
given mMan-cOimputer systen with the main  uice lines of the actual 
eoiiputer characteristics with Which it is to operate. 

the bro..d requirement for am input cevice is that «a operator 
Gan readily adapt to it @nd cun comi.unicate his desires to the 
Computer in an efficient hanier. Milis requires tu.t the device ve 
Cestencd Using a Miniwmun Of Controls, Gut Wit eaci control 
Uieeuely Habeted and “reterably mble to cali 2a & BeNuence of sub- 
routises. the general purpose (stored proyram) computer is well 
Sudted tor this type avprcach, Sy inserting an executive pro,ram 
into the memory, tne control keys can be usiquely labeled to call 
out and execute desired portions of tre procram. Then, by changing 
the executive prosram, the functions of the cortrols can be charmed. 


Zomoy chareings the labelime of the comtrols with an “averlay", weaay 


ik 


wrecitas Hurvosse control corsct®s Tay be Sinuwetea. Edi, Bev nal 
Mewiogmior speci viet ihogeallon CO a2 COfpuler 1S taat of ~llow- 
ing the overator to draw lines or symbols on @ displey surface or 
some input "sketch pad". &n interpretive routine ir the computer 
Wewkec Lien Rave LOepertorl a Bettern reco@mition, curve ritting, or 
Gtier Suifiler operatived berore taming action. Cne other desired 
eontrol is closely linked to the displuy or outfut device. ‘There 
must be a method for interro ;atins the computer about a point, a 
symbol, or an area on a display for the »urocse of cotaining ampli- 
fying information abeut the interrogated portion. 

The requirements for a display device are sien tay Weis WS eIeD 
pome of these are physical re: uiremeir.ts based on the constr-i2uts of 
PMc Geach Onmbiccm= mGavatenal recolution, whale otWer: are bosed on 
clarity or recogrhition of invormstion “3/. whese ‘ave been listed 
with a brief explunation of each. 

a. Selective sispl=y capability: 

Dvemconmeulrenmmcam mMoLerate std Roluw im ite wenory “a 

Warge amount of display information. ‘he overator can iutelligent- 
ly use only a limited poition of the total sugtrly of dita at one 
time. For example, an aircraft coutrolier may only be interested 
in traffic within » certain block of 4ltituaes; so, ne should be 
able to call iu to the display only the re resentaticn of tnose 
Ebro Within “is volume of control . 

b. ast response to commands: 
wen asking for a mew piece of infor. ution ot 4 ‘is- 


play or when dropping soste outdated display, tlie res.onse to the 


COnmmeanum—:ould je Latt Brel: to Bio curcvinuity ot Labent Vor 
MonOgercton. Mel area MOLMNN Ve to Wait ,or tre comm co) ac 
executed and the uisplay chaused. 
c. Number and size of tne display “evices shnuuid fit the 

usage reyuirenents: 

in a Wareersystein several ancividual oserators fay ve 
needed for specific tasks. This function way vest ve inpienented 
by using a group of individual operator cunsoles workin, on uata 
from a central computer and display generator. In some systems, a 
sroup of specialists may want to arrive at an optinum decision 
based on information on a central displey. vor this purpose, u 
large screen display is necessury with a possibility of inputting 
comuana. from one or more input devices. 

a. ithe display should not flicker: 

DheererembplotwormitiaceS hy ube eye 1S Succes THT 
display ts refresheqwar a rate of about 50 fralfes oer seco, Fo 
fiicker will resuit. ‘the flicker of a display will be dependent 
on the storage time of the display elemezts. tor exauole, if a 
long persistence phosphor is used in a cathode ray tube display, 
tMmlemierreah rate requirement 1S reduced, but the timie rer.uired to 
change the position of any point on the disptuy or the whole sisplay 
is determined by the decay time of the phosphor. This decay time 


depenuent on the initial intensity of the dteplay. 


fii 
) 


e. xsesolution of the display should be greater thun the 
resolving power of the eye: 


The eye can discririnate parallel lines separateu by 


intervals @ylmal to the line gfidth to Vaiue of "UY iltes per uewnmee. 
SOMOS MirhcmO Cm anVmECOns Olen t ne Belapiayesurhace Io eon— 
Sidered to we the buse of an 1s0sce:es trian le anu the eye to be 
the apex of tris triangle (actually an isosceles cone), anproxi-~ 
Iiawely 507 Of Viewine ance 1s inciided. This dictates that tule 
display should huve at least 2,000 "bins" for unique storase in 
each direction. To place this into a digital representation for 
computer generation the resolution should be at least 11 bits. 

f  nemecOMtrcaste mC URIeltneSs SaOlldauge SUCteEGmat Wailer 
ambient light conditions, the operator will sot be subject to eye 
Siimenay 

The tutensaty difference between bac#erouns and in- 
fommat2on ShoulG@ be on the order of thirty to one for ncrnal usawe. 
iiethe ambient Iieht as higw, reflectzrons from tne display surdace 
WemeomuOmlWash OULy tnhUSmecontrasc,.  « catiode ray tube uisplay con— 
Sole that is designed to operate in normal room lighti., needs to 
incorporate a fast phosphor that can be raisec to @ “igh intensity 
level without producing an extended decay tine. 

g. Accuracy and distortion should be reduced to an 
acceptabie ievel: 

In any display system, the ideal resultin, disolay 
would have perfect registration and focus at «ll points of the dis- 
play. This goal is rarely, if ever, attained due tu hardware con- 
Siderations. For exampie, in a cathode ray tube display there is 
definite defocusing effect at tne eages of the tuve as tne cuth 


length of the electron seam is longer. also, the voltu.es to «ro- 
=) 1 


duce tne deSirew defueetions in an electroitztiv Befllection tube 
(or conversely the current to predcuce defsectieons in an electro- 
flasnetic deflection tube) do not vary liucarly with th: istusnce 
Meomie Celmter onebmemtupe (47. rvs Memeemra the use Of Codben= 
Salome Lecwlt cu mmtTMcmcCOnmb hol Cc uVGultmy whic Cam reduce 
Conawevons to amuaccemteole leyel. 

me Lhe cogine sponld allometonm a varrety of oresentations: 


requirements tor flexidnility encompass Guch ideas 


ie 


Bomcolom., olZenmolapenlibeusity, DOSitton And Orlenmtation. ud 


blink rate as ua means of attracting 


© RGU SEOme, alse eTlsillewss: ie-s 
fide a set OL SYvaMoOls for nermal usege. (hesewould be nunoers, 
Mmacmalpiacet, andy Irequertiy Used swebols. Im aidgition, a 

BebAOuUlOr Seneravtia lines esnmouwU De duckhwaee com furmin) SBeca An 


f 


symbols or line drawin ss. these “vectors should allow for blznh- 


MispOn colons Of theslengeth while sroceedine alons a (aven direction 
bO enable the further coding of lises into dashed lines. 

aL fhe format for the display shoula suit the usa,e re- 
quirements: 

Sone examoles of formats are textual, tabular, vrapni- 

21, situation cr overlay map plus aefining symbols, line urawings 
and diagrams, patterns of symbols to show complex situations, and 
pictorial symbols to show the status and condition of remote 
Seecouus ee lue senerel classiirertvon can pe tered either fixed or 
free, The fixed fortiat 18 considerea to be a textual cr tabular 
tCyve where automatic incrementing and positioning of svimvnols is 


accomplished on a set of constreints necno sized into the hardware. 


fhe free Twrieet LS ewebiy 2 Patou, 
feature which. sunt be wener te 
fhe number of om@rators and/or viewers of u ten-comMuter con- 
Poems A CUirSChmecahwmer On Lie reGulireme—mEts Gslae OcCen previously 
noted, ror proup displayS, optical orojection and ei1ectroluii- 
mescent sanels have colle into uBize as the size of girect view 
cathode ray tubes ares li)ited by deflection techniques. wxzcamoles 
Oieerccap displuys haye been discusse: in recent @&blications /5, 6/. 


This thesis will diseuSs only Single operator, direct view, non- 


Colored catioue ray tube ™asplays . 


2emeeccunigles Ler an-Commuter Memk@unicatz on 

Bie VacetiCds Avallapwe LOr DrOUKCl im CoOnmmenuwm to. COMMUter are 
Wowace lvacdepenaeny Oleuacmeype COlmetrer bicins used ji) Me system. 
HOmeNormiul Communications tie Computer 15 in contro: of the data 
MoS eA Dice XeCMPLVe GORraAt St Sage tie mnossivie I2npuLrswet 
"programed! time intervals. For priority comitunications, tre 
Creouivor loula Mavemtnecwabiilaty to interrupt trie compucer and in— 
Soiametie necessary comyanas. Bae Nature Of any input to the com— 
puter is one of a digitally coved bit pattern vesendent on the 
setting of switches or dijital encoders, and she initiition of a 
command switch. f good example of this type Hormunication is the 
console tyvewriter whieh can we used for in}ut and outout. An ex- 
Gepuion to this Slratentrommeird insut technique is that of eg iloy— 
migea 'sxebch paw inowhels the iambut taxes the form of inovement 
of a uwrobe over a aisplay or an analog surtace. In tnese cases, 
MicCmcOnolber ils Eom Cmte wallOmamde Suriace ate rate fast 
enous so tiat normal inetton Of the Srobe by the operator Peuerates 
a smooth input of cuded positional values correspondin, to the ue- 
CU MniecmDetie LrAcedeaoy tie amope, In the Wise of a direct 
view catnode ray tube, tiie crove is a light sensitive  :noto-dioue, 
anuaeche comeuter program must disoluy a raster of points about the 
iRictmrccorden POsition Of tine orobe. The new soint 1s recor@ed 2s 
a feedbacs of inforwation of the ¢osition in tre raster which co- 


Paetwes walti the probe. 


im order to produce a visual display on @ culbnode ray tube 
Somemeace from a COmpuULel OUTER, a Certein ailvunt @& decode and 


At 


Dreecoolie TrSt Wc eeMmemy sch 3 her Wove., rane Tee TAL 


ies Oyeine CiswieayeaevT Ce Biot ean Beuce of awrer@etion Mise jy ed 
eee (a, POSitiomel WRerwetion, (Mes, A weit or 4 BaF Mith 


respect to So.e reference joint; (0) co.es i) fevmation specifying 
Character or line type, intensity, and size of symbol or length of 
dite. The displ=y circuitry must tbe able to decode tunis inforifa- 
Prone and COnVeEGRt sts Weaning 1mto the necessary deflection <uid 
intensity signals to produce the desired symbol at the ssecified 
location. 

The symbol formation sicrels must be superimososed vuvon the 
position=1 defiection si nals. This cin be accomolis:..ed by voltage 
Gemcuurent Ssuieers an bwenanalon aetlection circuitry. Whe meticots 
of cate,oriziny the various techniuvies for symcol peu.erators have 
been listed in recent publications /7, 4, $/. These are dot 
Pattere, Scannine reeiver, waveforms or stromes, and shapéd beaus. 

In the dot pattern methcd, tne symbols are nade by positionix,, 
tne beam to a Sequence oF positions derinin,; the sy.col. At eacn 
point in the sesuence the beam 1S unblanxed. ‘he result is 4 \roup 
of dots oricnuted to form the desired symbol. The formation way use 
a cell of computer memory for each point displ:yed as in tie YbE-l1 
console display /10/. ®*his method is lititea in speed to the seed 
Of each memory cycle. mv ancdlog method for weneratings tite dot 
Mattern has been devised whick maxes use of resistor networks /11/. 

= combination of scanning end the dot methon are used by the 
ieorabory son wdectronwieg: 1m their Su-~ symbol ge.ierctor. cr 


tmetomrecnod enckl Synbol i: tie set 15 renreweytel oy a seivetable 


Matinee OL Miene hte COomeg., wech) const > tay  2C Beee tion Where 
aeaot 1S to laveerr im the ci@racter. ‘Pnermhibax & Pcalliecn! by fous 
ROTNE WMG Wey ate worllewieGl ES... TevetEsom Cel ini Wc ees- 

A variation om the core scj,niing§ sj;ste®@ is the Visit /1:/. 
Pace synbol 1S agaimerenresented by a Sselectanlem@egtrix of WMogeetic 
Poacs. Mitte mcIiCh ALO ww tie COLES aremoult LOnewe sO oNalbe i Tey 
HaccmastOuvle SgQuidawemoustine Cesirea cmaracter.  aiwelmBelected 
tiatrix is then sceasned by rows, ind alternute cores turn tne bean 
MeO.  leitomeataes at er famaice Love mide wo ch @ee.roup of 
pepelrel line seeiwents. 

fore SC.uliciipemilc Chon UOnmgrme Cyeracters can he Ip vemmmvel 
by using Giying spot Scanner techniiues “1: . In tiis method a 
PiexcceiZ7eC UCaniiieeraster 2S toved to 2 syot ot the “elemator tube 
TicimeCOlnclLOco malt ite cCe sa Cee Cmarectcr Om MY jyabol ickm. ume 
Soc coum miamoe KSC iieta@oes troup. tCnewiiase is foc rtm Ou a 
Meoecomulitaplier, and Whes Saliial tomar, lified to control tee in- 
tersity grid of tue display tube. she scan pattern must ce sup r- 
impoueu on the positicnal information for deflection sizgnals. Ine 
comoination of intensity ana deflection produces the desired symbol 
Gi sinks iqibisroulebien 

Mre stroke method :9s been used with much success in the 
Deaiiascope’ of lancoln Laboratories /14, 1>/, tte symtol @ereraltc 
Paes ijeiles rin LAvOLmlOrN., aac the Svnwol Genenator cr Peta 


teomlay., Incorporaccd. "ke methods of ceriving the deflection and 


Miibcmakty Sienals form ick of tiege tee “wes vary consicer bis 
of > . 4 


Le] 


but tue results ach evel ise the sane. 


jo Syeeews Se emma Tee 


a) 


Mma, Cicely Cadmummtmrca (Sizec tem iP te MOn RCM CEN Cle rRcler Iam da tTex 
MOVEEew tue c6ar Wile 2t 215 unblanwec. HOMS CCM SMS 1e= 
CLEsomMU ta pie Unibvometiomena tClarnicinie durgime the rortation sericd. 
fue Shaped beat wethod is used extetsively in tne miiit-ry 
dispiay systems (4AGn aud itu). Die vasis of ti.e system is tue 
Wenareact ron tube )/ le, he tube has a character mat.ix within the 
tube envelope. The character desired must be selected by position- 


ane the beam to the associated figure 2m Ene mask by a sail 


Slcctrostatiec deflectvon sysuem. The sean 1s purposefully ue- 
Focused to obtain a lar;,e cross-sectional urea, and tne shaped beau 
PaateeenS LirOUugi tne mask as in the outline of the selecte: symbol. 
Paeoesiaped eam Vs then mienetacally deflected to tne debired 
position on the display surface. 
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respective times for generating a symbol with these s: stems are 4vu 
and 6.6 microseconds. These rates of 25,000 and 150,00) characters 
per second compare very favorably with the other systeus. 

In addition to computer generated displays on cathode ray 
tubes, a common method for the computer to convey information to an 
operator is through coded and labeled lights. These are extremely 
easy for a computer to initiate, and providing the meaning is 
elear, can be an economical and efficient way for te computer ta 
alert the operator. The main drawback for this techni-.ue is the 
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BCtrve, Nas a Hakinug—eumee ter rave Onemboutwm, OCU Lorty-eient bit 
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1¢0 has a traisfer rate of about @0,0 O twelve-bit words ver second 
Or about 960,0U0 bits per second (unbuffered). schus, it is seen 
that the 160 can just burely do the static Jispluy at the necessary 
rate, and if any chanvze is needed in the discoley, as Would ve the 
Moriial case for Moving radar tarlets, it could not maintain & 
steady display. The 1604 is not as critical as it has a buffered 
Outout, but it stili would be taxed in its buffering capabilities 
df More than a single channel is being used. 

The use of a self-contained memory also frees the lov4 fron 
the control subroutines which must be returned to in order to re- 
Start a display cycle. This allows wore prosram time for computa- 
tions. (In a real time air traffic control system with mach one 
parcrait, the computation tines are criticsl.) 

T e memory packaze chosen was 2» 1024 < 24 bit ferrite core 
memory, licensed from Control Vata Vvorporationa. te size was 
chosen to compromise between tie 12-brt 100 and tie 48-bit loos. 
The cycle time of the mewory is 0.4 microseconds wich is less than 
the 6.6 microseconds required to uisjplay a character. This allows 
a new memory cycle to be completed while the last cuuracter of the 
previous word is being dispiayed. Thus, for all characters to be 
painted, the total tine involved is: 


(6.u microseconds per character) (4 churacters per word) 


(1024 words per cycle) = 2¢ milliseconds 
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methods a. und o. both rejuiré OdersS or variable length iticie- 
mental counters in tieir construction. also, method a. leeds a 
completely variable inteusity compensation over the line length 
Variations. Method c. needs increiiental up and cown counters only, 
but needs counting rate changes and intensity compensation for each 
lens;th of line to be drawn. 

fie accuracies of metrods a. and b. are Pre.ter, out tney 
Sacrifice packing density, and they require a greater riount of 
hardware to construct. 
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displays is desirable. Cne display tube must be avuilabie to aui.- 
play video information at any titie between the "nain bans" aud tiie 
taximum range time (if redar input has been selected). Ouring this 


Gime, all display information from the internwl wemory must be 


Sr Ot Abr Peed EK ee rantarget. Crass 

| UNS ayait ME SY Matron Cow af Geo wert oner . once toed us) 
ne OW tel tuce a eet LS proverdtomd t be aweknl 
Wetween tie TID jee Ba t cheat a8 bie meet sulece 
eifie secomd COWe Serie Waa t of At roe, inputsaeed cum be 
Pe to Vispiayp WrocesSei Vahey tt AiR Reround Gaps ayd aewlifyen 
Mec lou (sich We wrerage, gy MRR, etc. s,s Ue is 
WS av MABGle to tuS Westif APpie Gnd ch se asvek F > Gonsinctio 
vue cmct mi@are@insptagz. 

Mivirs DiS cea re ee We il) Wee Tisih@ Aal WE a 
rwstatic twee (Tee ves TMCtri chem: wy hime Wari. 
S.68nals ind BAsputer Bi shLav.. 


thie warnual ingets lari Aion M26. bc SESE ca Le 
———— Ore ls oh jetty J 


2 
. 


eeosd to oe used with # etorea Roweee CUO eur, G 3 Or e 


OMhre of 2ekibilaty b= accomy timed thee bee wee oF Stoney 
outives. Wie muiyok or cakyeiw im & srt Of sutroctinee “Fae 


Petiom™mpe laery Bum akin oy 


tty 
= 
= 
oe 
= 
a 
a 
\s 
e.. 
Gi 
@ 
as 
t ptm 
ie) 


Bylo Be Soha oc Stes Wey G1 We co atic. Mie Wa 
Hav ef Den cveriay «lh + oN a tl one £0 ahh ie tf te 
me cLoe Mie CV int, cote eae Woe eat” feyeti oc > hs by 
tee runction Mec Gre SOkW e4cl seit e Sives wo VJs 


Bilay ered . 


i ; : 

Melcctrar. Cc Joye w 
= ie % Tire i ame 
Lion Jatiie "aay # 


= APRs WE Eo eee A oo bce 
. - f. 

ter, ie eee, i clrcetMince face AAG 

ow! SSF. , Ac 


- 


s 
Wo Widii.cdito TASGeue aeotorey, (he Am a ree Tauck thane 


mon t@ Gli useS vit§We tamiuls. “MeSt Bic Dittaibed as c& satroed 
hue specail over diee function switches, sa¢@ TOGO. cr Wey ah ve- 

rred tu as keybourd two. 

the ch®racter Meyocmim IS felTer-e1 to ah eet to oe. Bros 


peard Bs Fede ap sr al’) the etandard numerals wai Ei jabket, 


Lg with special cMmacters te cunjlete tae heyWamr?. .uese bev- 
BcdSmanicemticiwcOCi maar ll te Raven fuil tremigml.t ip Dealer 7. 
Uther imaual Gams reeuired are a rinse smite. to Sontrcl tlie 
eplayed racar presentation and wo .e wethod for lvc..til, is! 
Sci ivyin eo Libem ol bie Gilepim,, fere are two oc: Ol. PASM ERA) Fas 
ecco Cip erm tis Luncu1o ni eit. My: 

Big eiazyohe lawlae 

bf, “moto electric IayMet gun 
ine vac traci@nalmumechod, two Shari position biCOLers are 
aiced at right angeles, and a bali in cottuct Mite scotm tWcouers 
ows the oplrator (by ro.lin. the oall) to .csiticn tue e..coders 
Weaccuravely, " Syms] eyitit weve to .¢ Wispleyesa unier Hrebras 
Mer Olmmuiose center 1s Hecatee at the A, £ poSition piven b, the 
aoc ron lors oka cal Senor lie promram tc .iSolmy trac: Wels, 
PecyillgoL pay Pe centered Gver =ny ooint 6% titerest, Rad tro B 
Secon memati Cita iMeci nati Ou Si, Wie Use) to ae ter new ba- 


omen Til vaeeommors Cellegm Ch COutal..s tis Foluw. idr aun 
Desect cure iin tee Elaplay. 


(Memeo Olminec Iamitmeni wo com limttes tle sa.e Mure ce, EMEC 


Mrs meOSTLLoNce De getiso cver a displg,, a t.en the Llisht sens:- 


ne) 
i) 


Git 1b meeier zen Like DSFiLbe G2 Fhe Tinie Moe ones 


Jight gum as iilimtinates, a Caveat Cie Weearde to SRS Cee 


fence cf twat memory octet fiiat toe (Oe bion. 

The Tie t@euetcaaloter, “hen ite ave is a more (alee) re- 
Moles Comey IAC BOIItS thre tracy th. ity Les 
Gracy is Caster to use. Based tpon this remaining, a troece mel 
used in the vb-65. 

The Wisplay shOuli allow fib Bi guxilliery output cirau.ei ty 
Perec eer ee eum BO oltain Hest WtLiligwttoun of the com- 
Wers, 1.8.6, to let thom jem for, Ce ietion’ ate* sea lifated 
ime promram@e GYethout Piiterrin tions Ecol sturink Bhta), a Toe 
omry cnewtiel to acoevt ene Mubatazen 4,“ (doe Siteuecorent Sith 
wor :;odificatioas) h s ocen provided. an buffer wemory unit ane 
Melaroc  COnLEOMcEre It cmommald "fe EWCviled bevWee.. the radar 
PR ana wne Colmeuver anemm@iacd tU de tre Truceusiw, ue radar 
ocessing commuter cus then cali for target® at its owf rate. Lée 
fier meMory unit Must Mave a fast accebs tive im order to accevt 
Bete at tre rage Mire mere recem¥hd ¢Melt tice famgirs. wvche access 
MemmeccdGmuONce Bh tlecwudcn Of HM Medi gtouls 1 f Wi tar scet= ape 
pewiimem@ed. This HecurremiMat coyece "et by d cue b 2 at per 
Houston flip-flop Bias te. Ss) lee ChMIRM, Cl LR ges 


Pinte ac thesper. (0s ae OLRIe ae WEte, aun tre tueter «ff stu 


NOMS meecaee siioukd be almali. 


u. terdware ConsiuépetiOu Sid sechaunization of veskQn brocet dite 

In order to desiits Gigitai equinie:ts to mave him coasunent 
packing deusity and at the same time to allow for easy :s.intain- 
ance, the com,uter industry has develuped the fullowins tecnuicue. 
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vo, Bystem Implenientation and Conclusions 

The preceeding chapters described the desi.vn details of the 
functions to be performed ty the DN-' 6, ‘Nhe complete block diagrams 
for the 0D-56¢ are shown in Figures 5-1 and S-2, The vohysical design 
of the unit reauires over 1,500 losic circuit cards. in addition to 
these components, a number of power supplies and tne deflection cir- 
euits for the displuy tubes are requirec, This lurve number of con- 
ponents, a number of power supplies and the deflection circuits for 
the dleplay tubes are reouired. This large number of components 
prohibited a single cabinet desiyn for the equipment. The digital 
doyie has been pluced in a separate cabinet which also contains all 
tha low voltae power supplies for the digital circuits and the data 
dine terminations from the computers, The operator's console con- 
tuins the ianual inputs and the display tubes as well as tne high 
voltugse ower supplies to control the display tubes, Also incor- 
porated di: the operator's console are the divital to analog conver- 
Bion circulte and the radar video circuits. 

hie entire oysbten alos Rist shown in Vivure o-3. the 
puloe@ abolifler, video amplifier, and video quantizer ace desi sned 
for impleneitation on the same sige printed circuit curds as are 
WH@d dy, tile digital circuits, ‘This allows tuese circuits to be con- 
tained wathin tie logic cabinet of Lha 2D-G5, ‘ne final conli.,ura- 
tion of the Woeb5 Led to tne proposed plicement of the equipment in 
the Wigital wvtouution and Control Luborutory as shown in lipwre 6-4, 


The Lnatallation should be completed by Aucust Lyd. 
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HiecmoyVovct omc uencOn a llOwsmcaereat Week of Dro lrania iis 
Cait een)  cuenenore ma Siimiitean flexihaiaty day respect to 
wee of the operator's console. Wo attewpt will be mide here to 
flow-chart or dictate the tyne of sistem propraus to be usea with 
the DD-605, but a broad overview of wossible functions will be under- 
falien. The disgcuscgion will be slanted toward specification of 
libeis for tne various overlays and operater keys. jee “icure 6-5 
for «a clagraum of entire operator's console, 

The basie set of eislt overlays could be Specified as fol.ows: 
a. Air survelence and flisht followius 
b. «adr intercept and control 
Ce. Pro, ran composition and de-bugging 
Ge. vervonechanisom degiin 
& Wetwork synthesis 
f. Tidbrary intormation retrieval and update 
ew. Dinear propramoiinge package 
h. otatietical wialysis nackage 
additional aete of overlays could be uged by merely chan sins the 
Aayater jibrary tape Liu the computing center. Whese vverlsys nave 
EWwonty unique function keys available fur use which jiive the labels 
associuted with then changed euch time the overiny is chanjed. 
Tease labela and, hence, tne programmed funetions should inc ude 
‘ait these funetiers which waré not comoon to ill usaye overlays. 
Whe individual labula and associated programs eun ce vetermined 
guly by actually outitlning each ovorliay pre rim dn conpliderapie de- 


tagl, a Few pouuible funetlons thet could be asnociatead vith the 


“oroyramming" overlay are the selection of the various lanyua.zes 

to be used for coding. These languasze select keys would set up a 
format subroutine for accevtins "symbol keyboarc" information, For 
instance, the "tab'' key would produce character spacing which would 
be compatible with the format normally used to input the language 
to the computer. further "step process" key:; could be labeled for 
the storing of a completed program on a mugnetic tape library or 
for a ‘trace’ mode of running for de-bugging purposes. 

Those functions which are common to all overlays are to be 
controlled by the ten function Keys wnich are associated with light 
feedbacks, but whose labels are not changed with the overlay cnange. 
Ine possible set of funetions to be programmed with these keys are: 

a. Tube "O't display 

®. Tube "1" display 

ce. "Display't track ball 

de Vico track balw 

e. "Drop" track ball 

Yr. unter data 
ge Delete data 
fe tart process 
i. top process 

je Load library 
Tiese functions are tentative, but the set of functions described 
are comuon to all the proposed overlays, and the suoroutines in- 
volved should not take many cells of the memory to implement. The 


track ball sequence, as vroposed, will entail calling for the dis- 
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Dlavon Lie Deack bali won a Sarticullan tube, and then the operator 
Ci ove the displayea "UB" symbul to the desired position by i.ove- 
nent of the track ball. The "hook! traci ball can then be executed 
.uich can huve various meanings depending on tie usase overlay. 
Possible uses of "hook" would be to insert 4 point or symbol at the 
desi nated spot on the display or the aroce could be reversed, and 
information coreernins the point wnich .s desipnated by the "LB" 
symbol could we diaplayed. ‘the "drup! track ball could be executed 
omyer elther a ‘display or “hook”. This function comand could 
ligar to delete a symbol or point from the display or drop the "IB" 
wyubol and/or the amplifying information called up by the hook, The 
"Load, "Start", and "Stop funetions are vroposed to be associated 
with tne handling of display data within the computer, For instance, 
to enter a line of data could mean to place it into permanent stor- 


age leoation for processinr: 


ufter the tomporary (for display pur- 
posed) dnformation has been verified as correct, 

the ronadning four function keys are to be marked with direc- 
tion arrows and are proposed tu he used to move an editing sywbol 
over the Grosen diaplay tube for purpuses of Llocatin: the position 
fur typing in or erasing information, 

fhe actual opyration of a gysteu sa proposed would require an 
averlay to be duserted and a library load exceuted, ‘ine computer, 
Wher ready to cemsence, would livht tie “sturt" process light. The 
operater, upon depresaing the "start process button, causes the 
computer ta drun the selected Lijit and start through the executive 


brugran, Upen reachiny: various, oolnta da bue procpans woere infor- 


ug 


mation is needed from the operator, various lizhts or -roups of 
lights ure selected “oul! by the cotputer. rne function labels 
Moc ced WLb me wuiCn Ea atomOuUtrLtne Te required action or insuts 
to oe initiated by the operator. In this munner of reoly-regquest- 
display, the man can thread through the programs in close associa 
tion with the computer until the operator chooses to stop the pro- 
cess by depressing the "stop" function key, 

It is folt that the flexibility in usage of the command con- 
yole and tne speed and packing density of the display information 
will proviue an experinental device for man-comuuter systens which 


will not rapidly become ebsolescent. 
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